Abstract: It is enunciated in this paper that the volume density of the dipole moment of the induced charges in a dielectric does not in general qualify as a field in terms of which the actual induced charge distribution in the dielectric can be expressed as a volume charge density inside the interior of the dielectric equal to the negative of the divergence of that field and a surface charge density on the boundary of the dielectric equal to the component of that field in the direction of the outward normal to the boundary, unless the induced charge density inside the dielectric vanishes. The field that qualifies to satisfy the second criterion is in the general case named "absolute polarization", and the interconnection between the two polarizations is established. It is then demonstrated that although a few major equations of linear media electrostatics change, the results for the field of a uniformly polarized object remain unchanged, and all the existing methods of analytical evaluation can be justified if the "polarization" defined by the first criterion of being a field that equals the volume density of the dipole moment of bound charges is just replaced by the "absolute polarization", the concept of which is introduced here.
Introduction-The Meanings of Polarization


What is actually meant when we talk about the polarization of a dielectric placed in an external electrostatic field? It is the vector field which at any point takes a value equal to the dipole moment per unit volume of the induced charges at that point in the dielectric. Consider two points and which can be chosen as origins for evaluating the dipole moment per unit volume. Let be any general point in the dielectric. Let R(V) denote a "physically infinitesimal" region of total volume V drawn around ; the region can take all possible shapes. Let (r ) denote the macroscopic polarization at when is taken as the origin, and (r ) be the same when is taken as the origin. Now, [2] ) is that they define polarization as the macroscopic dipole moment per unit volume of the induced charges and then prove a theorem that the actual macroscopic distribution of induced charges is a volume charge density P     inside the region and a surface charge density
on the boundary. Let's at this very moment differentiate between these two fields. The first field-macroscopic volume density of the dipole moment of the induced charges-depends on the choice of origin, and in order to be completely specific, we shall denote this as P   , where  is the point in space where the coordinate axes meet. The second field, being the solution to a well defined differential equation (which does not change with a change in the system of coordinates), subjected to an absolute boundary condition, is well defined and clearly does not depend on the choice of origin. We shall denote this field by . We have, of course, used this symbol previously to denote something else. The author has used the same symbol to avoid superfluity. If we used some other notation here, say instead of , we would finally get , whence we argue . We now proceed to find a relation between P   and the field that we have denoted just now by . We evaluate P   and at a general location whose position vector w.r.t. origin  is .
where, e I  is the microscopic absolute polarization (while is the macroscopic absolute polarization), and , according to a mean value theorem, is the x-coordinate of some point in R(V). Thus,
Hence, after gathering similar results for y and z components, we see 
As D  should come out to be equal to 0 (1
there results a small change in the appearance of the fundamental constitutive equation:
Field of a Uniformly Polarized Object
One of the common problems in physics is to evaluate the field of a uniformly polarized object of polarization . There are two common ways (examples 4.2 and 4.3 of Ref. [5] ) to tackle the situation. One is to argue that the field is due to a surface charge distribution on the boundary of the object varying as , where is the angle between the direction of polarization and the outward normal to the surface. The other way is to picture the process of polarization as a small stretching of the object. It is said that there are two objects of the same shape and size, carrying uniform charge densities and , which coincide when there is no polarization; and when polarization occurs, the geometrical centre of positive charge moves by a distance d (in the direction of polarization) relative to the geometrical centre of negative charge. The field is evaluated as the net field of two uniformly charged objects in the limit 0, ∞ while the product held fixed at the value P. In this section we'll see the justifications for these methods.
What is meant by a uniformly polarized object? With respect to which origin is the polarization uniform? Suppose that an object is placed in a weird electric field and the induced charge distribution inside its volume is an irregular and essentially non-uniform field i  . Assuming that it is possible, suppose that taking some point  as the origin, the relative polarization P   of the object comes out to be uniform. With respect to some other origin   , the
is the vector from   to  , is a non-uniform field.
So, we see that if polarization is uniform with respect to one origin, then it is not necessarily uniform with respect to another. By a uniformly polarized object we will mean that is uniform with respect to all origins. So, for a uniformly polarized object we can form a first decision that the induced charge density i  is uniform.
But soon after that we notice that i  must vanish.
Hence, we learn that for a uniformly polarized object, the relative polarization is the same with respect to all origins. This value, which also equals the absolute polarization, will be called the polarization of the object. Thus, for a uniformly polarized object of polarization , the distribution of induced charges is only on the surface and (as equals ) varies on the surface as
. Thus we now have a complete justification for our first method of evaluating the field of a uniformly polarized object. In fact our arguments were more like justifications for the validity of the problem itself. We now turn to justify the second method.
In a short note [6] published in 1992, David J. Griffiths introduced the concept that there exists a curious short method of solution of the field of a uniformly polarized object whenever it is easily possible to evaluate the field of a uniformly charged object of the same shape and size. He showed, as can be easily showed, that if the surface charge distribution over a closed surface is d n    for two constants and having the dimensions of volume charge density and length respectively, then its potential at any point in space is · , where is the electric field of a uniform volume charge within the region enclosed by the surface. For a surface charge distribution cos over a closed surface S, with being the angle that the outward normal forms with the axis of Z, we can thus say that the potential is given by · , where is the field per unit charge density due to a uniform charge distribution in the region enclosed by S. The field of the surface charge is thus
The theorem just established has roots in an intuitive statement, and we shall call it as Griffith's normal charge theorem. It will be the licence to our second method of evaluation of the field of a uniformly polarized object.
Let's get back to what we do in our method. S is the boundary of a dielectric which encloses the region R occupied by the dielectric. R has an arbitrary shape. We now take an infinitesimally small distance Δz and make another region 
. But according to our normal charge theorem this is the field due to a surface charge density on S. And, as we have already discussed in the first part of this section, this is exactly the field of the uniformly polarized object. Thus, we now have complete justifications for the two methods of evaluating the field of a uniformly polarized object that we described in the beginning of this section.
Concluding Remarks
In Section 1, the author claimed that physicists absolute polarizations, we see that the absolute polarization is the field which at any point in the dielectric takes a value equal to the dipole moment per unit volume at that point in the dielectric with the dipole moment being evaluated with that same variable point as the origin. This is why the potential of a dielectric at a point outside the dielectric is Another remark is that is defined only in the interior of a dielectric, and when I say that the surface density of induced charges is · , it means that there is the limit of at that point on the surface from the interior of the dielectric. The net induced charge on the dielectric, being is that the net dipole moment of the induced charges in the dielectric, which is an absolute quantity since the net induced charge on the dielectric is zero, is d where the integral is evaluated in the whole interior:
